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The goal of this work was to improve the assembly accuracy for foil x-ray optics as
produced by the high-energy astrophysics group at the NASA Goddard Space Flight
Center.

Two main design choices lead to an alignment concept that was shown to improve
accuracy well within the requirements currently pursued by the Constellation-X
Spectroscopy X-Ray Telescope (SXT).

The first choice was the separation of metrology frame (for accurate alignment) and flight
frame (structural support for launch and operation in space). This allows for relaxed
requirements on the flight frame and for reuse of the advanced high accuracy alignment
structures which are removed after assembly.

The second choice was to utilize fabrication techniques developed from lithographic
processes used in the MEMS (micro electro-mechanical systems) industry that provide
the required sub-micron accuracy for the alignment of the foil-optics.

We designed, built, and tested novel silicon structures called microcombs that hold x-ray
foil optics in place with sub-micron accuracy during assembly. The combs apply the
necessary force to hold foil optics accurately and with minimal distortion during gluing to
the flight frame. At the same time they can accommodate predicted variations in foil
thickness without compromising alignment.

We built a metrology station for nested flat foils and successfully tested the mounting and
alignment scheme described above. Positioning tolerance was found to be better than 0.5
micron, resulting in an angular resolution of ~ 1 arc second for the Constellation-X
design.
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